In both UA and KS, two brain networks and associated cognitive functions are 92 predominantly affected: the frontocerebellar circuit (Chanraud et al. 2010 ) and the Papez 93 circuit (Aggleton. 2012; Parsons. 1998) . The frontocerebellar circuit (FCC), identified in non-94 human primates using viral transneuronal tracing technology (Kelly and Strick, 2003) , 95 consists of two distinct, parallel closed-loops within the cortico-thalamo-cerebellar circuitry. 96 The first one underlies executive functions and includes Brodmann areas 9 and 46 of the 97 dorsolateral prefrontal cortex, which receives input from the cerebellar crus I and II through 98 the thalamus, and projects back to the cerebellum through the pons. The second one 99 contributes to motor functions and encompasses the motor cortex, which receives input from 100 lobules IV-VI of the cerebellar vermis through the thalamus and feeds back to the cerebellum 101 via the pons (Chanraud et al. 2010 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 precision is required to ensure that the FA values contained in the voxels come from exactly 250 the same part of WM tract across all subjects. TBSS addresses the problem by tailoring the 251 non-linear registration algorithm to the requirements of the DTI data, followed by projection 252 onto a tract representation that is an alignment invariant (referred to as the mean FA skeleton).
253
Such an approach also removes the need for applying a spatial smoothing for which the 254 choice of the smoothing kernel is deemed to be done in an arbitrary manner, and results 255 known to be highly dependent on the kernel size (Jones et al. 2005) . Smoothing increases 256 partial volume effects between tissues such that it is difficult to differentiate between WM 257 differences that are due to the biological mechanism under investigation or an artefactual 258 measurement due to a mixture of tissues.
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For each subject, the 32 DWI images were first corrected for distortions due to Eddy currents 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 tracts that belong to the FCC and PC were used to produce "fibre-cluster masks". These 293 "fibre-cluster masks" were then employed to extract the mean FA value within each tract 294 belonging to the FCC and PC for each subject. Focus was laid on a couple of fibre tracts 295 only for each circuit. In that respect, the cingulum and the fornix were chosen for the PC 296 and the middle cerebellar peduncle and superior cerebellar peduncle for the FCC. These 297 are the tracts that are believed to offer less variability in terms of specificity to the PC and 298 FCC respectively, having a lower involvement in fibres connecting other parts of the brain 299 or involved in other circuitry. 3. For each fibre tract, a k-means clustering classification was then performed on the mean 301 FA values, with the algorithm constrained to separate the 41 participants into 2 groups.
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The aim was to find which white matter fibre tract enables the identification of some UA Whitney U tests showed that UA_LOW did not differ from HC (p=0.37 for the classification 398 using the fornix and p=0.32 for the classification using the cingulum). UA_LOW differed 399 from UA_HIGH (p=0.038 for the classification using the fornix and p=0.025 for the 400 classification using the cingulum). UA_HIGH differed significantly from HC (p=0.002 for 401 both fornix and cingulum) and KS (p=0.001 for classification with the fornix and p=0.002 for 402 classification with the cingulum). The latter was significantly different to all the other 3 403 subgroups for both classifications (p<0.001). These results are illustrated in Fig. 4 .
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[FIGURE 4]
405 We conducted the same analysis on the performances on matrix reasoning, and forward and 406 backward block spans but found insignificant differences between the UA subgroups for 407 neither the cingulum nor the fornix (data not shown). Hence, the ability to identify UA 408 patients at risk of developing KS seems to be specific to performances in episodic memory 409 tasks.
410
Note that we have also tested classification with the corpus callosum but it yielded poor 411 results (data not shown since the corpus callosum is neither part of the FCC, nor the PC). disruption may be more localized than spread-throughout in those fibres.
435
Our study is the first to evaluate white matter microstructural integrity in KS patients.
436
When KS patients were compared to HC, the profile of WM abnormalities was similar to that The classification step revealed that the use of DTI may be particularly relevant as a 484 structural biomarker towards the early identification of UA patients at risk of developing KS.
485
The early identification is important for clinicians to apply the correct and optimal treatment 486 with the aim of preventing severe, debilitating and irreversible neurological complications. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 together, the analysis of microstructural integrity within the fornix and cingulum, in 509 combination with scores of episodic memory, thalamic volume and signs of Wernicke's 510 encephalopathy, could give a reliable depiction of whether a UA patient is at risk of 511 developing KS. Our study is thus a positive iteration to the heuristic value of the continuity 512 hypothesis (Butters and Brandt, 1985; Parsons, 1998; Pitel et al. 2008; Ryback, 1971) . While TBSS has allowed us to describe the profile of white matter integrity at a voxel-level in UA 520 and KS patients. While the chronological position of white matter disruption is still unknown 521 in the cascade of structural and functional events that govern the pathophysiological 522 mechanism underlying the neurotoxicity of alcohol, we have shown the potential of DTI data 523 to identify uncomplicated alcoholics at risk of developing KS. The method paves the way for 524 more in depth analysis of this subgroup in order to better understand the mechanism 525 underlying these two clinical forms. Multi-modal neuroimaging, combined with biological 526 and neuropsychological analyses will enable researchers to explore the characteristics of these 527 clinical forms in terms of detailed microstructure, regional volume, function, enzyme 528 metabolism and cognitive deficits. The specificity of the subgroup of patients at risk to 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
